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1
EPICYCLIC GEAR STAGE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of U.S. application Ser.
No. 15/672,014 filed Aug. 8, 2017, the entire contents of
which are icorporated by reference herein.

TECHNICAL FIELD

The present mvention relates to epicyclic gearing, and
more particularly, to a planetary carrier therefore.

BACKGROUND OF THE ART

Many models of gas turbine engines use one or two
reduction stages of epicyclic gearing. An epicyclic reduction
stage typically comprises a sun gear which receives an input
torque, two or more planet gears which are intermeshed
with, and revolve around the sun gear, receiving torque
therefrom, and a carrier. The carrier generally has two
functions: firstly, 1t carries the planet gears as they revolve
collectively around the sun gear, and secondly 1t transiers the
torque received from the revolving movement to an output
shaft. The planet gears are free to rotate around their axes
within the carrier, but the circular movement of their axes
around the sun gear drives the rotary movement of the
carrier. The planet gears are typically further intermeshed
and contained within a ring gear which 1s fixed relative to the
gas turbine engine. A single reduction stage, or a {irst
reduction stage of a double reduction stage gearbox, may
receive the input torque directly from a low pressure shatt,
whereas a second reduction stage receives the mput torque
from the first reduction stage.

One challenge 1n epicyclic gearing of gas turbine engines
1s to keep the axes of the planet gears, or more specifically
of the bearings thereof, parallel to the axis of the sun gear.
Indeed, the planet gears are typically received on the carrier
via cylindrical bearings which may wear quickly when
operated with the axes of the planet gears inclined off
parallel relative to the axis of the sun gear. Spherical
bearings allow for such inclination, but they are typically
heavier and bulkier than cylindrical bearings, which 1s
especially undesirable 1n aircrait equipment. When large
torque levels are present, axial torsion can occur in the
carrier which can cause displacement of one axial end of
cach bearing relative to the bearing’s opposite axial end, and
thus undesirable inclination of the bearing axis relative to
the sun gear axis. Such axial torsion can be present, for
instance, when the torque 1s transferred primarily from one
axial end of the planet gear bearings.

In the context of gas turbine engines, this challenge must
be faced while taking a number of other factors into con-
sideration, such as the control of the weight of the assembly,
structural 1ntegrity, durability, manufacturability and manu-
facturing costs. Moreover, epicyclic gearing typically
requires a supply of o1l a) to the mterface between the sun
gear and the planet gears and b) to the bearings of the planet
gears. While o1l supply channels can be provided within
some gas turbine engine components to convey oil from an
o1l source to an o1l outlet, this approach 1s tributary to the
presence of an o1l source and the impact of the presence of
o1l supply channels on structural integrity must be taken into
consideration. The conveying of lubrication o1l 1s further
complicated by the fact that in gas turbine engines, some
components may be designed to move, within a certain
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extent, relative to others to account for load distribution, and
that flexible joints are often used to connect a shaft to an
epicyclic gear stage, or epicyclic gear stages to one another,
to accommodate such relative movement. Flexible joints
typically cannot be provided with integrated o1l supply
channels, forcing designers to find another path for the
conveyance of lubrication oil.

While these challenges had been addressed to a certain
extent, 1in certain circumstances, there remained room for
improvement.

SUMMARY

In one aspect, there 1s provided a planetary gear train for
an aircraft engine, comprising a sun gear rotatable about a
rotation axis, planet gears meshed with the sun gear and
circumierentially distributed about the rotation axis, and a
ring gear meshed with the planet gears, a planet carrier
having first and second disk members axially offset from one
another relative to the rotation axis, the planet carrier having
planet bearings secured to the first and second disk members
and extending axially therebetween, the planet gears rotat-
ably supported by the planet bearings, the planet carrier
having connecting members secured to both of the first and
second disk members, the connecting members located
circumierentially between the planet bearings, a lubrication
network extending within the planet carrier and 1n fluid flow
communication with the planet bearing and extending within
the connecting members, the connecting members defiming
outlets of the lubrication network, the outlets oriented
toward the sun gear.

In another aspect, there 1s provided an aircrait engine,
comprising: a low-pressure shait dnvingly engaged to a
turbine section and an output shait drnivingly engageable to
a rotatable load, a planetary gear train having a sun gear
rotatable about a rotation axis, planet gears meshed with the
sun gear and circumierentially distributed about the rotation
axis, and a ring gear meshed with the planet gears, a planet
carrier having first and second disk members axially offset
from one another relative to the rotation axis and secured to
one another via connecting members circumierentially dis-
tributed around the rotation axis, the planet carrier having
planet bearings interspaced with the connecting members
and secured to the first and second disk members, the planet
gears rotatably supported by the planet bearings, the low-
pressure shait drivingly engaged to one of the sun gear, the
ring gear, and the planet carrier, the output shaft drivingly
engaged to another one of the sun gear, the ring gear, and the
planet carrier, rotation of a remaining one of the sun gear, the
ring gear, and the planet carrier being limited, a lubrication
network extending within the planet carrier, the lubrication
network 1n fluid flow communication with the planet bear-
ings, the lubrication network having an inlet hydraulically
connected to an o1l source and outlets 1n the connecting
members, the outlets oriented 1n a direction having a radially
inward component relative to the central axis.

In yet another aspect, there i1s provided a method of
lubricating a planetary gear train having planet gears rotat-
ably mounted on planet bearings and meshed with both a sun
gear and a ring gear, comprising: supporting the planet
bearings by first and second disk members connected to one
another by connecting members; injecting o1l through a
lubrication network of the planetary gear train; circumier-
entially distributing the o1l around a rotation axis of the sun
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gear; and 1njecting the oil from outlets defined i the
connecting members toward the sun gear.

DESCRIPTION OF THE DRAWINGS

Reference 1s now made to the accompanying figures in
which:

FIG. 1 1s a schematic cross-sectional view of a gas turbine
engine;

FIG. 2 1s a cross-sectional view of a portion of an
epicyclic gear stage, 1n accordance with an embodiment;

FIG. 3 1s a schematic perspective view of a carrier of an
epicyclic gear stage, 1n accordance with an embodiment;

FIG. 4 1s a sectioned perspective view of the carrier of
FIG. 3;

FIG. 5 1s a perspective view showing the lubricant net-
work of the carrier of FIG. 3:

FIG. 6 1s a cross-sectional view of a portion of an
epicyclic gear stage, 1n accordance with another embodi-

ment;
FI1G. 7 1s a schematic cross-sectional view of a gas turbine
engine having two epicyclic reduction gear stages in series;
FIG. 8 1s a perspective view of an alternate embodiment
ol a carrier.

DETAILED DESCRIPTION

FIG. 1 illustrates a first embodiment of gas turbine engine
10 of a type preterably provided for use 1n subsonic flight,
generally comprising in serial flow communication a pro-
peller 12 through which ambient air 1s propelled, an intake,
a compressor section 14 for pressurizing the air, a combustor
16 1n which the compressed air 1s mixed with fuel and
ignited for generating an annular stream of hot combustion
gases, and a turbine section 18 for extracting energy from the
combustion gases.

The turbine section 18 includes a low pressure turbine
having one or more rotor(s) 18a connected to the propeller
12, and a high pressure turbine having one or more rotor(s)
186 connected to the compressor section 14. Each of the
turbines may thus include one or more turbine stages.
Accordingly, although a single turbine rotor 1s mentioned in
the following description, i1t 1s understood that additional
rotors may be included in each turbine and mounted on each
shaft, and that such embodiments are also within the scope
of this disclosure.

The low pressure turbine rotor 184 1s mounted at one end
of a low pressure shaft 20 (an engine shafit), so that a rotation
of the low pressure turbine rotor 18a rotates the low pressure
shaft 20. Another end of the low pressure shait 20 1s
connected to a reduction gearbox (RGB) 21. The RGB 21
transmits a speed of rotation to a propeller shaft 23 that 1s
reduced relative to a speed of rotation of the low pressure
shaft 20. The propeller shaft 23 1s shown 1n this embodiment
to be in-line with the low pressure shait 20, but 1t 1s
contemplated that the gas turbine engine 10 could have the
propeller shaft 23 oflset from the low pressure shait 20. This
1s the case, for example, 1n gas turbine engines with oilset
gearboxes.

The low pressure turbine rotor 18a and the low pressure
shaft 20 are part of a low pressure spool 24a. The high
pressure turbine rotor 186 1s connected to the rotor(s) of the
compressor section 14 via a high pressure shaft 22. The high
pressure turbine rotor 185, the rotor(s) of the compressor
section 14, and the high pressure shaft 22 are part of a high
pressure spool 24b. The low pressure spool 24a and the high
pressure spool 24b rotate independently from one another.

10

15

20

25

30

35

40

45

50

55

60

65

4

A first embodiment of an epicyclic gear stage 30 1is
illustrated 1n greater detail in FIG. 2. In this embodiment, the
epicyclic gear stage 30 1s a single epicyclic reduction stage
of a gas turbine engine 10, receives mnput torque from a low
pressure shaft 20 via the right hand side at a first rotation
speed, and outputs torque to an output shait 32 on the left
hand side at a second rotation speed reduced relative to the
first rotation speed by the epicyclic gear stage 30.

Referring to FIG. 2, and also to FIG. 3 where a planet gear
34 and a sun gear 36 are schematically depicted, the epicy-
clic gear stage 30 can be seen to generally include a sun gear
36 connected to be driven 1nto rotation by the low pressure
shaft 20, a plurality of planet gears 34 (one of which 1s
shown sectioned 1 FIG. 2) which are circumierentially
interspaced from one another around the sun gear 36 and
intermeshed therewith 1n a manner to be driven 1nto rotation
by the sun gear 36. A carrier 40 1s provided which both 1)
rotatably receives the planet gears 34 via corresponding
planet gear bearings 38 and receives the torque from the
revolving motion of the planet gears 34 around the sun gear
36 and 1) transfers the torque to the output shait 32. In this
embodiment, the carrier 40 1s made integral to the output
shaft 32 via a shaft coupler 42, and the epicyclic gear stage
turther includes a ring gear 44, provided here in the form of
two fixed, parallel ring gear segments 46a, 460 which are
further intermeshed with the planet gears.

In this specification, the expression carrier portion will be
used to refer to the portion of the carrier 40 which 1s
primarily responsible to perform function 1), and the expres-
sion torque transier portion will be used to refer to the
portion of the carrier 40 which 1s primarily responsible to
perform function 11). In the illustrated embodiment, taking
into consideration manufacturability, 1t was preferred to
provide the torque transier portion and the carrier portion as
separate components which are secured to one another and
which can be referred to as the carrier body 48 and the torque
transier body 50.

For use as virtual references, two planes will be defined:
a first bearing plane 52 where the plurality of first axial ends
53 of the planet bearings 38 are received by the carrier 40,
and a second bearing plane 54 where the plurality of second
axial ends 35 of the planet bearings 38 are received by the
carrier 40. It will be understood that the presence of high
torque 1n the carrier, between these two planes 52, 54, may
rotate one bearing plane relative to the other around the sun
gear (or output shaft) axis 56, and thus incline the bearing
axes 38 ofl parallel relative to the sun gear axis 56, which 1s
undesirable. In this embodiment, the eventuality of undesir-
able inclination 1s satisfactorily addressed given the struc-
ture of the carrier 40.

More specifically, as can be seen in FIGS. 2 to 4, the
carrier 40 has two annular structural members, which will be
referred to herein as disc members 60, 62, interspaced from
one another and connected to one another by a plurality of
circumierentially interspaced connecting members 64. The
disc members 60, 62 are each provided with a corresponding
set of bearing couplers 66a, 665 which receive a correspond-
ing axial end 53, 55 of the planet bearings 38. The disc
members 60, 62 provide a certain amount of structure and
collaborate, via the connecting members 64, 1n receiving the
torque from the revolving motion of the planet gears 34
around the sun gear 36. The connecting members 64 gen-
crally extend axially between the discs 60, 62, and are
circumierentially interspersed with the planet gears 34.
There 1s thus an equal number of planet gears 34 and of
connecting members 64 in this embodiment and the planet
gears 34 are circumierentially offset with the connecting
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members 64 by half the circumierential distance between
two adjacent planet gears 34. A central cavity 68 1s provided
in the carrier 40 to house the sun gear.

Connecting a corresponding one of these discs 60, 62
directly to the power output shaft 32 could result, at a given
level of torque, 1n torsion between the discs 60, 62 and 1n an
undesired level of bearing axis inclination during operation.
Such a torque load distribution will be referred to herein as
“unbalanced” 1n the context where more torque would be
applied to the first disc member than to the second disc
member, causing the torsion (relative circumierential dis-
placement) between the disc members 60, 62.

In this embodiment, the carrier 40 1s designed to balance
the loads between the torque transfer body 50 and the
bearing couplers 66a, 665, to limit or impede the amount of
torsion between the two disc members 60, 62 and the
corresponding inclination of the bearing axes 58. This 1s
achieved by providing a torque transier interface along the
connecting members 64, the torque transier interface being
more specifically located at a balanced torque transfer plane
70 located between the first bearing plane 52 and the second
bearing plane 54. More specifically, a third annular struc-
tural member which will be referred to herein as a third disc
member 72 1s provided adjacent to, but separate from, the
second disc member 60. The connecting members 64 have

radial protrusions 74 which play the role of the torque
transier interface 1n this embodiment, and which are made
integral to the third disc member 72 via a corresponding
plurality of connecting arms 76 which extend radially-
outwardly from the sun gear area. In this embodiment, the
connecting arms 76 extend generally axially, radially-out-
wardly from the connecting members 64, but the design
details can vary in alternate embodiments. In the design
presented 1n the figures, axial torsion deformation occurs
preferentially within the connecting arms 76, and therefore
between the third disc member 72 and the carrier body 48
(having the other two disc members 60, 62), which has
limited, if any, eflect on bearing axis orientation. In this
embodiment, the axial position of the radial protrusions 74
along the connecting members 64 coincides with the posi-
tion of the balanced torque transier plane 70, and the radial
protrusions 74 can be said to form part of the torque transier
portion of the carrier 40, even though 1t was not technically
decided to make them part of the torque transier body 350, but
rather part of the carrier body 48, 1n this specific design. An
optimized location of the torque transier plane 70 for a
specific design can be determined using computer-assisted
analysis as will be understood by persons having ordinary
skill 1n the art. The optimized location of the torque transfer
plane 70 can also take into consideration torsion imparted
around a radial axis coinciding with the radial protrusions
74, for instance, and the torque transfer plane 70 can be
oflset from the exact middle between the two bearing planes

2, 54 to compensate for the effects that such radial torsion
can have on planet bearing/sun gear parallelism, {for
instance.

In an embodiment where the torque transter body 50 1s a
separate component from the carrier body 48, the radial
protrusions 74 can be provided as part of the carrier body 48,
the connecting arms 76 can be made itegral to the third disc
member 72, and the connecting arms 76 can be fastened to
the radial protrusions 74, examples of which will be pre-
sented below. The third disc member 72 can be provided
with a shaft coupler 42 to securely receive an output shaft
32, for instance. The third disc member 72 can be alternately
referred to herein as a torque transier disc member, and the
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first and second disc members 60, 62 can alternately be
referred to herein as carrier disc members.

In the embodiment presented 1n FIGS. 2 to 4, a lubricant
network 80 1s provided 1n the carrier 40 to lubricate both 1)
the mterface between the sun gear 36 and the planet gears 34
and 11) the planet bearings 38. In this embodiment, referring
to FIG. 2, the sun gear 36 may be segmented from the low
pressure shait on the right hand side by a flexible joint (not
shown), or an o1l source may be absent on the right hand
side, preventing the lubricant network from leading into the
epicyclic gear stage 30 via the first disc member 62. The
lubricant network rather leads into the epicyclic gear stage
via the third disc member 72. The lubricant network includes
a plurality of circumferentially interspaced o1l paths 82, with
cach of said o1l paths 82 being associated to a corresponding
connecting arm 76, connecting member 64, and planet
bearing 38. The o1l paths 82 can have a single, collective
inlet, or independent inlets. The inlet(s) can be provided
centrally to the third disc member 72, to receive oil from a
corresponding o1l source. The o1l source can be provided 1n
the form of o1l channels 84 1n the output shaft 32 for
instance. As shown more clearly 1n FIG. 4, 1n the 1llustrated
embodiment, each o1l path 82 includes a first segment 86
extending from the radially outwardly from the inlet to the
corresponding connecting arm 76, a second segment 88
extending axially along the connecting arm 76 and into the
corresponding radial protrusion 74, a third segment 90
extending radially-inwardly from the radial protrusion 74
into the corresponding connecting member 64, a fourth
segment 92 extending axially along the connecting member
64 to the first disc member 62, and a fifth segment 94
extending transversally, or circumierentially, within the first
disc member 62 and leading to the corresponding planet
bearing 38. The fifth segment 94 1s shown more clearly in
FIG. 5.

As best shown 1n FIG. 2, 1n this embodiment, the planet
bearings 38 are plain journal bearings having an external
cylindrical 96 surface closely matching the dimension of a
corresponding internal cylindrical surface 98 provided 1n the
planet gear 34 (e.g. with a spacing in the order of 0.004"
therebetween). Plain journal bearings were preferred in this
embodiment due to their simplicity, low weight, and low
encumbrance. In alternate embodiments, other types of
cylindrical bearings can be used such as needle bearings or
roller bearings, for instance.

As best shown 1n FIG. 4, in this embodiment, the fourth
segment 92 extends axially on both sides of its inlet and has
a plurality of sun gear lubrication outlets 99 directed radi-
ally-inwardly towards the sun gear. The exact design of the
lubricant network 80 can vary in alternate embodiments. For
instance, the lubricant network 80 can be provided to
lubricate only the planet bearings 38, and the interface
between the sun gear 36 and the planet gears 34 can be
lubricated by alternate means.

As will be understood from the description presented
above, the details of the design, taking 1nto consideration the
presence of the lubricant network, must further take into
account structural integrity, weight, and manufacturability.
In this embodiment, 1t was not found satisfactory to provide
the carrier 40 1n the form of a single component. Rather, the
carrier 40 was assembled from a carrier body 48 and a torque
transier body 30, both of which had been manufactured
independently from one another with the corresponding
lubricant channel segments. The torque transier body 50 and
the carrier body 48 are assembled to one another near the
balanced torque transier plane 70, and more specifically,
ends of the connecting arms 76 engage a corresponding axial
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taces of the radial protrusions 74. Fasteners 81 can be used
to secure the connecting arms 76 to the radial protrusions 74.

More specifically, 1n an embodiment shown in FIG. 6, it
was preferred to provide the second segment 88 of the oil
paths 82 within the core of the fastener 81 to provide
suilicient structural integrity and satisfactorily low weight of
the connecting arms 76 and radial protrusions 74. In the
embodiment shown 1n FIG. 6, the fastener 81 has a shait 83
with a head 85 abutting a face of the third disc member 72,
a threaded stem 87 protruding from the second face of the
radial protrusion 74, opposite the connecting arm 76, and
secured thereagainst via a nut member 89, the shait 83
having a hollow center and two radial apertures 91a, 915
leading into the hollow center, at opposite ends thereof. In
use, the shaft 83 1s aligned for the radial apertures 91a, 915
to communicate with corresponding apertures in the third
disc member 72 and in the radial protrusions 74 and to bring
the corresponding channel segments 86, 88, 90 1nto perma-
nent communication.

In the embodiment shown 1 FIGS. 2 to 5, the epicyclic
gear stage 30 can form part of a single reduction stage
gearbox, for instance.

It will be understood that 1n the embodiment shown in
FIG. 6, the epicyclic gear stage 30 1s the second reduction
gear stage 935 of a double reduction stage gearbox 93 further
comprising a first reduction gear stage 97, such as shown 1n
FIG. 7. More specifically, as shown 1n FIG. 6, the sun gear
36 1s driven 1nto rotation by a torque transier portion 102 of
the first reduction gear stage 97, and 1s more specifically
connected thereto via a flexible joint 104 which allows for
relative displacement, within a certain extent, between the
first reduction gear stage 95 and the second reduction gear
stage 97 during operation.

Referring now to FIG. 8, 1t will be understood that
although the example epicyclic gear stage embodiment
illustrated 1 FIGS. 3-35 has three planet gears 34, alternate
embodiments can have a different number of planet gears.
For instance, 1n FIG. 8, a carrier 106 adapted to an epicyclic
gear stage having five planet gears 1s shown.

Referring more particularly to FIG. 4, for lubricating the
planetary gear train 30, o1l 1s 1njected through a lubrication
network 80 of the planetary gear train 30; the o1l 1s circum-
terentially distributed around the rotation axis 56 of the sun
gear 36; and the o1l 1s injected from outlets 99 defined 1n the
connecting members 64 toward the sun gear 36; the planet
bearings are supported by first and second disc members 60,
62 connected to one another by the connecting members 64.

Embodiments disclosed herein include:

A. A planetary gear train for an aircraft engine, compris-
ing a sun gear rotatable about a rotation axis, planet gears
meshed with the sun gear and circumierentially distributed
about the rotation axis, and a ring gear meshed with the
planet gears, a planet carrier having first and second disk
members axially oflset from one another relative to the
rotation axis, the planet carrier having planet bearings
secured to the first and second disk members and extending
axially therebetween, the planet gears rotatably supported by
the planet bearings, the planet carrier having connecting
members secured to both of the first and second disk
members, the connecting members located circumierentially
between the planet bearings, a lubrication network extend-
ing within the planet carrier and 1n fluid flow communication
with the planet bearing and extending within the connecting,
members, the connecting members defining outlets of the
lubrication network, the outlets oriented toward the sun gear.

B. An aircraft engine, comprising: a low-pressure shaft
drivingly engaged to a turbine section and an output shatt
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drivingly engageable to a rotatable load, a planetary gear
train having a sun gear rotatable about a rotation axis, planet
gears meshed with the sun gear and circumierentially dis-
tributed about the rotation axis, and a ring gear meshed with
the planet gears, a planet carrier having first and second disk
members axially offset from one another relative to the
rotation axis and secured to one another via connecting
members circumierentially distributed around the rotation
axis, the planet carrier having planet bearings interspaced
with the connecting members and secured to the first and
second disk members, the planet gears rotatably supported
by the planet bearings, the low-pressure shait drivingly
engaged to one of the sun gear, the ring gear, and the planet
carrier, the output shait drivingly engaged to another one of
the sun gear, the ring gear, and the planet carrier, rotation of
a remaining one of the sun gear, the ring gear, and the planet
carrier being limited, a lubrication network extending within
the planet carrier, the lubrication network in fluid flow
communication with the planet bearings, the lubrication
network having an inlet hydraulically connected to an o1l
source and outlets in the connecting members, the outlets
oriented 1n a direction having a radially inward component
relative to the central axis.

Embodiments A and B may include any of the following
clements, 1n any combinations:

Element 1: each of the connecting members defines at
least two outlets axially oflset from one another. Element 2:
a number of the connecting members corresponds to a
number of the planet gears. Element 3: the lubrication
network 1ncludes conduits, each of the conduits extending
axially within a respective one of the connecting members,
the outlets 1n fluid flow communication with the conduits.
Element 4: the lubrication network has an inlet defined by
the planet carrier, the inlet facing a radially inward direction
relative to the rotation axis. Flement 5: the inlet includes
apertures circumierentially distributed about the rotation
axis. Element 6: the lubrication network defines a plurality
of o1l paths circumierentially distributed about the rotation
axis, each of the o1l paths connected to a respective one of
the apertures. Element 7: each of the o1l paths includes a first
segment extending radially outwardly relative to the rotation
axis from a respective one of the apertures, a second
segment connected to the first segment and extending axially
relative to the rotation axis, a third segment connected to the
second segment and extending radially inwardly relative to
the rotation axis, and a fourth segment connected to the
second segment and extending axially relative to the rotation
axis, the outlets connected to the apertures via the fourth
segments. Element 8: each of the o1l paths further includes
fifth segment extending 1n a direction having a circumfier-
ential component and fluidly connected to a respective one
of the planet bearings. Flement 9: the fifth segment stems
from the fourth segment. Element 10: each of the connecting
members defines at least two outlets axially ofiset from one
another. Element 11: a number of the connecting members
corresponds to a number of the planet gears. Element 12:
comprising a third disk member adjacent the first disk
member, an inlet of the lubrication network defined by the
third disk member. Element 13: the inlet of the lubrication
network includes apertures defined through the third disk
member and circumierentially distributed about the central
axis, the apertures oriented toward the rotation axis. Element
14: each of the connecting members define a conduit fluidly
connected to a respective one of the apertures. Element 13:
the lubrication network include a plurality of o1l paths each
having an o1l path inlet corresponding to a respective one of
the apertures. Element 16: each of the o1l paths has a first
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segment extending radially outwardly from the aperture and
within the third disk member, a second segment connected
to the first segment and extending axially relative to the
rotation axis, a third segment connected to the second
segment and extending radially immwardly, and a fourth
segment connected to the third segment and extending
axially within the connecting members, the outlets con-
nected to the o1l source via the first, second, third, and fourth
segments. Element 17: the third disk member includes
connecting arms extending axially relative to the rotation
axis and secured to radial protrusions of the connecting
members, the radial protrusions extending radially out-
wardly from a body of the planet carrier, the second segment
extending within the connecting arms and within the radial
protrusions.

The above description 1s meant to be exemplary only, and
one skilled in the art will recognmize that changes may be
made to the embodiments described without departing from
the scope of the invention disclosed. For example, the torque
transier portion and the carrier portion of the carrier can
alternately be provided in the form of a single, monolithic
component 1 found suitable in alternate embodiments.
Embodiments detailed above and in the associated figures
illustrate an epicyclic gear stage used as a reduction stage
between a low pressure shaft and a propeller shaft. It will be
understood that 1n alternate embodiments, the epicyclic gear
stage can be used as a reduction stage between a low
pressure shait and a power shaft of a turboshait engine, or
ol a turbofan engine, for instance. Moreover, 1n still other
embodiments, the epicyclic gear stage can be used 1n other
contexts than a gas turbine engine, and can be used to
receive power via the third disc member rather than output
power via the third disc member. Still other modifications
which fall within the scope of the present invention will be
apparent to those skilled in the art, 1n light of a review of this
disclosure, and such modifications are intended to fall within
the appended claims.

The 1nvention claimed 1s:

1. A planetary gear train for an aircrait engine, comprising
a sun gear rotatable about a rotation axis, planet gears
meshed with the sun gear and circumierentially distributed
about the rotation axis, and a ring gear meshed with the
planet gears, a planet carrier having first and second disk
members axially oflset from one another relative to the
rotation axis, the planet carrier having planet bearings
secured to the first and second disk members and extending
axially therebetween, the planet gears rotatably supported by
the planet bearings, the planet carrier having connecting
members secured to both of the first and second disk
members, the connecting members located circumierentially
between the planet bearings, a lubrication network extend-
ing within the planet carrier and 1n fluid flow communication
with the planet bearing and extending within the connecting,
members, the connecting members defining outlets of the
lubrication network, the outlets oriented toward the sun gear,
the lubrication network having an inlet defined by the planet
carrier, the inlet facing a radially inward direction relative to
the rotation axis, the inlet including apertures circumieren-
tially distributed about the rotation axis.

2. The planetary gear train of claim 1, wherein each of the
connecting members defines at least two outlets axially
oilset from one another.

3. The planetary gear train of claim 1, wherein a number
of the connecting members corresponds to a number of the
planet gears.

4. The planetary gear tramn of claim 1, wherein the
lubrication network includes conduits, each of the conduits
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extending axially within a respective one of the connecting
members, the outlets 1n fluid flow communication with the
conduits.

5. The planetary gear train of claim 1, wherein the
lubrication network defines a plurality of o1l paths circum-
terentially distributed about the rotation axis, each of the o1l
paths connected to a respective one of the apertures.

6. The planetary gear train of claim 3, wherein each of the
o1l paths includes a first segment extending radially out-
wardly relative to the rotation axis from a respective one of
the apertures, a second segment connected to the first
segment and extending axially relative to the rotation axis,
a third segment connected to the second segment and
extending radially mnwardly relative to the rotation axis, and
a fourth segment connected to the second segment and
extending axially relative to the rotation axis, the outlets
connected to the apertures via the fourth segments.

7. The planetary gear train of claim 6, wherein each of the
o1l paths further includes a fifth segment extending in a
direction having a circumierential component and fluidly
connected to a respective one of the planet bearings.

8. The planetary gear train of claim 7, wherein the fifth
segment stems from the fourth segment.

9. An aircrait engine, comprising: a low-pressure shaft
drivingly engaged to a turbine section and an output shatft
drivingly engageable to a rotatable load, a planetary gear
train having a sun gear rotatable about a rotation axis, planet
gears meshed with the sun gear and circumiferentially dis-
tributed about the rotation axis, and a ring gear meshed with
the planet gears, a planet carrier having first, second, and
third disk members axially offset from one another relative
to the rotation axis and secured to one another via connect-
ing members circumierentially distributed around the rota-
tion axis, the planet carrier having planet bearings inter-
spaced with the connecting members and secured to the first
and second disk members, the planet gears rotatably sup-
ported by the planet bearings, the low-pressure shaft driv-
ingly engaged to one of the sun gear, the ring gear, and the
planet carrier, the output shait drivingly engaged to another
one of the sun gear, the ring gear, and the planet carrier,
rotation of a remaining one of the sun gear, the ring gear, and
the planet carrier being limited, a lubrication network
extending within the planet carrier and having an inlet
defined by the third disk member, the lubrication network 1n
fluud flow communication with the planet bearings, the
lubrication network having an inlet hydraulically connected
to an o1l source and outlets in the connecting members, the
outlets oriented 1n a direction having a radially inward
component relative to the central axis.

10. The aircraft engine of claim 9, wherein each of the
connecting members defines at least two outlets axially
oflset from one another.

11. The aircrait engine of claim 9, wherein a number of
the connecting members corresponds to a number of the
planet gears.

12. The aircrait engine of claim 9, wherein the 1nlet of the
lubrication network includes apertures defined through the
third disk member and circumierentially distributed about
the central axis, the apertures oriented toward the rotation
axis.

13. The aircraft engine of claim 12, wherein each of the
connecting members define a conduit fluidly connected to a
respective one of the apertures.

14. The aircrait engine of claim 12, wherein the lubrica-
tion network 1nclude a plurality of o1l paths each having an
o1l path 1nlet corresponding to a respective one of the
apertures.
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15. The aircraft engine of claim 14, wherein each of the
o1l paths has a first segment extending radially outwardly
from the aperture and within the third disk member, a second
segment connected to the first segment and extending axially
relative to the rotation axis, a third segment connected to the
second segment and extending radially imwardly, and a
fourth segment connected to the third segment and extend-
ing axially within the connecting members, the outlets
connected to the o1l source via the first, second, third, and
fourth segments.

16. The aircrait engine of claim 15, wherein the third disk
member includes connecting arms extending axially relative
to the rotation axis and secured to radial protrusions of the
connecting members, the radial protrusions extending radi-
ally outwardly from a body of the planet carrier, the second
segment extending within the connecting arms and within
the radial protrusions.

17. A planetary gear train for an aircrait engine, compris-
ing a sun gear rotatable about a rotation axis, planet gears
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meshed with the sun gear and circumierentially distributed
about the rotation axis, and a ring gear meshed with the
planet gears, a planet carrier having first and second disk
members axially oflset from one another relative to the
rotation axis, the planet carrier having planet bearings
secured to the first and second disk members and extending
axially therebetween, the planet gears rotatably supported by
the planet bearings, the planet carrier having connecting
members secured to both of the first and second disk
members, the connecting members located circumierentially
between the planet bearings, a lubrication network extend-
ing within the planet carrier and 1n flmd flow communication
with the planet bearing and extending within the connecting
members, the connecting members defining outlets of the

lubrication network, the outlets oriented toward the sun gear,
at least one of the connecting members defining at least two
outlets axially offset from one another.
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